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SEMICONDUCTOR STRUCTURE AND
FORMING METHOD THEREOF

RELATED APPLICATIONS

The present application claims priority to Chinese Patent

Appln. No. 202010509211.3, filed Jun. 7, 2020, the entire
disclosure of which is hereby incorporated by reference.

BACKGROUND

Technical Field

Embodiments and implementations of the present disclo-
sure relate to the field of semiconductor manufacturing, and
in particular, to a semiconductor structure and a forming
method thereof.

Related Art

With the development of manufacturing of integrated
circuits toward ultra-large-scale integrated circuits (ULSIs),
a circuit density inside an integrated circuit 1s increasingly
high and a quantity of contained elements 1s increasing. As
a result, there 1s imnsuflicient area on a chip surface for
manufacturing required interconnection lines. To adapt to
interconnection line requirements resulting from a scale
down of the elements, a design of multilayer metal inter-
connection structure including two or more layers that is
implemented using interconnection trenches and vias has
become a necessary method 1n the ULSI technology.

In the back end of line process of semiconductor devices,
a metal mterconnection structure formation process gener-
ally needs to be performed. The metal interconnection
structure formation process i1s generally performed on a
semiconductor substrate, the semiconductor substrate 1s
generally provided with an active area, and semiconductor
devices such as transistors and capacitors are formed on the
active area. There may be a plurality of layers of conductive
plugs and metal interconnection lines 1n the metal 1ntercon-
nection structure, and the plurality of layers of metal inter-
connection lines may be electrically connected through the
conductive plugs. When a next layer of metal interconnec-
tion line 1s formed on a previous layer of conductive plug or
a next layer of conductive plug 1s formed on a previous layer
of metal interconnection line, an interlayer dielectric layer 1s
generally formed on the previous layer of metal plug or
metal interconnection line, a via and an interconnection
trench are then formed in the nterlayer dielectric layer, and
finally, the next layer of conductive plug or interconnection
line 1s formed by using metal to fill the via and the
interconnection trench.

SUMMARY

A problem addressed by embodiments and implementa-
tions of the present disclosure 1s to provide a semiconductor
structure and a forming method thereof, which are helpful to
improve the performance of the semiconductor structure.

To address the foregoing problem, one form of the present
disclosure provides a forming method of a semiconductor
structure, including: providing a base; forming, on the base,
a plurality of conductive function layers extending in a first
direction and sequentially arranged 1n a second direction, a
bottom dielectric layer located on the base between the
conductive function layers, and a blocking structure located
in the conductive function layers, the blocking structure
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2

segmenting the conductive function layers located on two
sides of the blocking structure 1n the first direction; forming

a top dielectric layer covering the bottom dielectric layer, the
conductive function layers, and the blocking structure; etch-
ing the top dielectric layer located above a junction of the
blocking structure and the conductive function layer and a
part of the blocking structure located at a side wall of the
conductive function layer to form a via running through the
top dielectric layer and exposing a part of a top and a part
ol a side wall of the conductive function layer; and filling the
via with a via interconnection structure, the via intercon-
nection structure being in contact with the part of the top and
the part of the side wall of the conductive function layer.

Another form of the present disclosure further provides a
semiconductor structure, including: a base; a plurality of
conductive function layers extending 1n a first direction and
sequentially arranged 1n a second direction that are located
on the base; a bottom dielectric layer, located on the base
between the conductive function layers; a blocking structure
located 1n the conductive function layer, the blocking struc-
ture segmenting the conductive function layers located on
two sides of the blocking structure 1n the first direction; a top
dielectric layer, covering the bottom dielectric layer, the
conductive function layers, and the blocking structure; and
a via interconnection structure, including a first part that 1s
located 1n a part of a width of the blocking structure at a side
wall of the conductive function layer and 1n contact with a
part of a side wall of the conductive function layer, and a
second part connected to the first part and located on the first
part, the second part running through the top dielectric layer
located above a junction of the blocking structure and the
conductive function layer and being 1n contact with a part of
a top of the conductive function layer.

Compared with the prior art, techmical solutions of
embodiments and implementations of the present disclosure
have the following advantages.

In forms of a forming method of a semiconductor struc-
ture provided in the present disclosure, a via interconnection
structure 1s 1n contact with a part of a top of a conductive
function layer, and the via mterconnection structure can be
partially located on an end portion of the conductive func-
tion layer close to a blocking structure, which 1s helptul to
improve a degree of freedom of a layout design of the via
interconnection structure. Moreover, 1n a step of forming the
via 1n, a top dielectric layer located above a junction of the
blocking structure and the conductive function layer and a
part of the blocking structure located at the side wall of the
conductive function layer are etched, so that the via further
exposes a part of the side wall of the conductive function
layer. Accordingly, 1n a process of forming the via itercon-
nection structure, the via interconnection structure 1s not
only in contact with the part of the top of the conductive
function layer, but also 1n contact with the part of the side
wall of the conductive function layer. That 1s, the wvia
interconnection structure covers a top corner of the conduc-
tive function layer adjacent to the blocking structure, which
1s helpful to increase a contact area between the via inter-
connection structure and the conductive function layer, so as
to help to reduce the contact resistance between the via
interconnection structure and the conductive function layer,
to further help to improve the performance of the semicon-
ductor structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of a semicon-
ductor structure:
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FIG. 2 to FIG. 19 are schematic structural diagrams
corresponding to steps 1n one form of a forming method of

a semiconductor structure according to the present disclo-
sure; and

FIG. 20 to FIG. 23 are schematic structural diagrams
corresponding to steps 1n another form of a forming method
of a semiconductor structure according to the present dis-
closure.

DETAILED DESCRIPTION

Currently semiconductor devices have a problem of poor
interconnection performance. Reasons for the poor intercon-
nection performance of the devices are analyzed now in
combination with a semiconductor structure.

FIG. 1 1s a schematic structural diagram of a semicon-
ductor structure.

The semiconductor structure includes: a base 1:; a bottom
dielectric layer 2, located on the base 1; a plurality of
interconnection lines 3 extending in a first direction and
sequentially arranged 1n a second direction, and located 1n
the bottom dielectric layer 2; a blocking structure 4 located
in the imterconnection line 3, the blocking structure 4 seg-
menting the iterconnection lines 3 located on two sides of
the blocking structure 4 1n the first direction; a top dielectric
layer 5, covering the interconnection lines 3, the blocking
structure 4, and the bottom dielectric layer 2; and a via
interconnection structure 6, running through the top dielec-
tric layer 5 located above a junction of the blocking structure
4 and the interconnection line 3, and 1n contact with a part
ol a top of the mterconnection line 3.

In the semiconductor structure, a partial via landing
process of the via interconnection structure 6 and the inter-
connection line 3 1s adopted, and the via interconnection
structure 6 1s located in the top dielectric layer 5 and covers
the junction of the blocking structure 4 and the intercon-
nection line 3. That 1s, only a part of a bottom of the via
interconnection structure 6 1s 1n contact with the intercon-
nection line 3, and the via interconnection structure 6 can be
directly landed on an end portion of the interconnection line
3 close to the blocking structure 4, which 1s helpful to
improve a degree of freedom of a layout design of the via
interconnection structure 6, and accordingly improve the
friendliness to back-end wire wrapping.

However, 1n the semiconductor structure, only the part of
the bottom of the via interconnection structure 6 1s 1n contact
with the interconnection line 3, and a contact area between
the via interconnection structure 6 and the interconnection
line 3 1s relatively small, which easily leads to a problem that
the contact resistance between the via interconnection struc-
ture 6 and the interconnection line 3 1s relatively large,
turther leading to poor interconnection performance
between devices.

To address technical problems such as those described
above, 1n 1mplementations of the forming method of a
semiconductor structure provided 1n the present disclosure,
the via interconnection structure 1s in contact with the part
of the top of the conductive function layer, and the via
interconnection structure can be partially located on an end
portion of the conductive function layer close to the block-
ing structure, which i1s helpful to improve a degree of
freedom of a layout design of the via interconnection
structure. Moreover, 1n the step of forming the via 1n some
implementations, the top dielectric layer located above the
junction of the blocking structure and the conductive func-
tion layer and a part of the blocking structure located at the
side wall of the conductive function layer are etched, so that
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the via further exposes the part of the side wall of the
conductive function layer. Accordingly, in implementations
of a process of forming the via interconnection structure, the
via interconnection structure i1s not only 1n contact with the
part of the top of the conductive function layer, but also 1n
contact with the part of the side wall of the conductive
function layer. That 1s, the via interconnection structure
covers a top corner of the conductive function layer adjacent
to the blocking structure, which 1s helpful to increase a
contact area between the via interconnection structure and
the conductive function layer, so as to help to reduce the
contact resistance between the via interconnection structure
and the conductive function layer, to further help to improve
the performance of the semiconductor structure.

In order to make the foregoing objectives, features, and
advantages of embodiments and implementations of the
present disclosure more apparent and easier to understand,
specific embodiments and implementations of the present
disclosure are described 1n detail below with reference to the
accompanying drawings.

FIG. 2 to FIG. 19 are schematic structural diagrams
corresponding to steps 1n one form of a forming method of
a semiconductor structure according to the present disclo-
sure.

Referring to FIG. 2, a base 100 1s provided. The base 100
1s configured to provide a process platiorm for subsequent
Processes.

In some implementations, semiconductor devices such as
a transistor and a capacitor may be formed in the base 100,
and functional structures such as a resistance structure and
a conductive structure may also be formed 1n the base 100.

With reference to FIG. 2 to FIG. 16, a plurality of
conductive function layers 110 (as shown in FIG. 14)
extending 1n a first direction (as an x direction shown in FIG.
2) and sequentially arranged in a second direction (as a y
direction shown 1n FIG. 2) that are located in a bottom
dielectric layer 101, the bottom dielectric layer 101 (as
shown 1 FIG. 14) located on the base 100 between the
conductive function layers 110, and a blocking structure 120
(as shown 1n FIG. 11) located in the conductive function
layer 110 are formed on the base 100. The blocking structure
120 segments the conductive function layers 110 located on
two sides of the blocking structure 120 1n the first direction.
In some implementations, the second direction 1s perpen-
dicular to the first direction.

The bottom dielectric layer 101 1s configured to 1mple-
ment the electrical 1solation between the conductive function
layers 110.

In some 1implementations, the bottom dielectric layer 101
1s an inter metal dielectric (IMD) layer, and the bottom
dielectric layer 101 1s configured to implement the electrical
isolation between adjacent interconnection structures 1n a
back end of line (BEOL) process. Therefore, a material of
the bottom dielectric layer 101 1s a low-k dielectric material
(the low-k dielectric material refers to a dielectric material
having a relative dielectric constant greater than or equal to
2.6 and less than or equal to 3.9), an ultra-low-k dielectric
matenial (the ultra-low-k dielectric material refers to a
dielectric material having a relative dielectric constant less
than 2.6), silicon oxide, silicon nitride, silicon oxynitride or
the like.

The bottom dielectric layer 101 1s a single-layer structure
or a multi-layer structure. As an example, the bottom dielec-
tric layer 101 1s a single-layer structure, and the material of
the bottom dielectric layer 101 1s an ultra-low-k dielectric
material, thereby reducing a parasitic capacitance between
the interconnection structures in the BEOL, and further
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reducing RC delay 1n the BEOL. Specifically, the ultra-
low-k dielectric material may be S1OCH.

In some 1mplementations, the bottom dielectric layer 101
1s Turther formed between the conductive function layer 110
and the base 100 and between the blocking structure 120 and
the base 100.

In some 1mplementations, the bottom dielectric layer 101
exposes top surfaces of the conductive function layer 110
and the blocking structure 120. The bottom dielectric layer
101 exposes the top surface of the conductive function layer
110, to subsequently form other interconnection structures
clectrically connected to the conductive function layer 110.

Accordingly, in some implementations, the conductive
function layer 110 i1s an interconnection line 110, and the
bottom dielectric layer 101 1s configured to implement the
clectrical 1solation between adjacent interconnection lines
110.

The interconnection line 110 i1s configured to implement
the electrical connection between the base 100 and an
external circuit or other interconnection structures. As an
example, the interconnection line 110 i1s a single-layer
structure, and a material of the interconnection line 110 1s
copper. A resistivity of the copper 1s relatively low, which 1s
helptul to reduce signal delay of RC in the BEOL and
improve a processing speed of a chip, and 1s also helptul to
reduce the resistance of the interconnection line and power
consumption accordingly. In other implementations, the
material of the interconnection line may alternatively be a
conductive material such as cobalt, tungsten, or aluminum,
and the interconnection line may alternatively be a multi-
layer structure.

In some implementations, a case that the bottom dielectric
layer 101 and the interconnection line 110 are formed on the
base 100 1s used as an example. In an actual process, one or
more dielectric layers may be formed between the bottom
dielectric layer 101 and the base 100, and an interconnection
line or a conductive plug may be formed 1n each dielectric
layer.

The blocking structure 120 i1s configured to segment the
conductive function layers 110 in the first direction, so as to
disconnect the conductive function layers 110 at a position
where 1interconnection 1s not required, so that a pattern of the
conductive function layers 110 meets a design requirement.

Moreover, subsequent steps further include: forming a top
dielectric layer covering the blocking structure 120, the
conductive function layers 110, and the bottom dielectric
layer 101; etching the top dielectric layer located above a
junction of the blocking structure 120 and the conductive
function layer 110 and a part of the blocking structure 120
located at a side wall of the conductive function layer 110,
to form a via running through the top dielectric layer and
exposing a part ol a top and a part of a side wall of the
conductive function layer 110; and filling the via with a via
interconnection structure, the via interconnection structure
being in contact with the part of the top and the part of the
side wall of the conductive function layer 110.

In some implementations, the blocking structure 120
includes an etch stop layer 122 and a pad layer 121 located
between the etch stop layer 122 and the side wall of the
conductive function layer 110, and the pad layer 121 1is
turther formed on a bottom of the etch stop layer 122.

The blocking structure 120 includes the etch stop layer
122 and the pad layer 121, so that 1n a subsequent process
of forming a via, the pad layer 121 located on the side wall
of the conductive function layer 110 may be etched. The etch
stop layer 122 may define an etch stop position 1n the
process of forming a via. A process of etching the top
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dielectric layer has a relatively high etching selection ratio
of the top dielectric layer to the etch stop layer 122, a process
of etching the pad layer 121 has a relatively high etching
selection ratio of the pad layer 121 to the etch stop layer 122,
and a process of etching the top dielectric layer and the pad
layer 121 has a low probability of mistakenly etching the
ctch stop layer 122, which 1s helpiul to reduce a probability
that a via located on one side of the blocking structure 120
exposes the conductive function layer 110 located on the
other side of the blocking structure 120. Accordingly, a
probability that there 1s a short circuit problem between the
via interconnection structure and the adjacent conductive
function layer 110 1s relatively low, so that the via intercon-
nection structure subsequently can be partially landed on an
end portion of the conductive function layer 110 close to the
blocking structure 120, to further help to improve the degree
of freedom of a layout design of forming the via intercon-
nection structure and enlarge a process window of forming
the via interconnection structure.

A material of the pad layer 121 includes at least one of
silicon oxide, silicon nitride, aluminum oxide, titanium
oxide, nitrogen doped silicon carbide, carbon doped silicon
oxide, or silicon carbide. The matenial of the pad layer 121
1s a dielectric material, which 1s helptul to reduce the impact
on the performance of the semiconductor structure, and also
ensures that the blocking structure 120 can electrically
1solate the conductive function layers 110 located on two
sides of the blocking structure 120 1n the first direction.

In some 1mplementations, the material of the pad layer
121 1s silicon oxide. The silicon oxide 1s a common dielec-
tric material that i1s easily obtamned mn a semiconductor
process, which 1s helpiul to improve process compatibility
and reduce process costs, and a dielectric constant of silicon
oxide 1s relatively low, which 1s helpful to reduce the
parasitic capacitance between the conductive function layers
110, and improve TDDB characteristics accordingly.

A material of the etch stop layer 122 includes at least one
of silicon oxide, silicon nitride, aluminum oxide, titanium
oxide, nitrogen doped silicon carbide, carbon doped silicon
oxide, or silicon carbide. The material of the etch stop layer
122 1s different from the material of the pad layer 121. In
some 1mplementations, the material of the etch stop layer
122 1s aluminum oxide. In a subsequent etching process of
forming a via, the etching process has a relatively large
ctching selection ratio of the matenial of the top dielectric
layer to aluminum oxide and a relatively large etching
selection ratio of silicon oxide to aluminum oxide, so as to
ensure that the etch stop layer 122 can play a role of defining
the etch stop position.

In some implementations, a case that the blocking struc-
ture 120 includes the etch stop layer 122 and the pad layer
121 located between the etch stop layer 122 and the side wall
of the conductive function layer 110, and the pad layer 121
1s Turther formed on a bottom of the etch stop layer 122 is
used as an example.

In other implementations, the blocking structure may
alternatively include the etch stop layer and a pad layer
located between the etch stop layer and the side wall of the
conductive function layer. In some implementations, the pad
layer 1s only located between the etch stop layer and the side
wall of the conductive function layer. That 1s, the thickness
of the etch stop layer 1s larger, which is helpiul to improve
the eflect of the etch stop layer configured to define the etch
stop position of the etching process of forming a via and
helptul to turther enlarge the process window of forming a
via 1terconnection structure accordingly.
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In some 1implementations, a case that the blocking struc-
ture 120 1s a multi-layer structure 1s used as an example. In
other implementations, the blocking structure may alterna-
tively be a single-layer structure.

Detailed description 1s made below on the step of forming
the interconnection line 110, the bottom dielectric layer 101,
and the blocking structure 120 in the present embodiment
with reference to the accompanying drawings.

Referring to FIG. 2 and FIG. 3, FIG. 2 1s a top view, FIG.
3 1s a cross-sectional view along a cutting line a-a in FIG. 2,
and the bottom dielectric layer 101 1s formed on the base
100. In some implementations, the bottom dielectric layer
101 1s formed using a deposition process. Specifically, the
deposition process includes a chemical vapor deposition
process, a plasma enhanced deposition process, or the like.

Still reterring to FIG. 2 and FIG. 3, a plurality of hard
mask layers 105 extending in a first direction and sequen-
tially arranged 1 a second direction are formed on the
bottom dielectric layer 101.

The hard mask layer 105 1s used as a mask for subse-
quently etching the bottom dielectric layer 101 to form an
interconnection trench. The interconnection trench 1s con-
figured to provide space for forming interconnection lines.
In some implementations, the bottom dielectric layer 101 1s
an IMD layer. Accordingly, the hard mask layer 1s a metal
hard mask layer.

In some 1mplementations, the material of the hard mask
layer 105 1s silicon nitride. In other implementations, the
material of the hard mask layer may alternatively include
materials such as silicon oxide, silicon oxynitride, silicon
carbide, titanium, titanium oxide, titanium nitride, tantalum,
tantalum oxide, tantalum nitride, boron nitride, copper
nitride, aluminum nitride, and tungsten nitride.

The hard mask layer 105 may be formed through a
patterning process such as a self-aligned double patterning,
(SADP) process or a self-aligned quadruple patterning
(SAQP) process.

Referring to FIG. 4 to FIG. 8, a part of the bottom
dielectric layer 101 located between the adjacent hard mask
layers 105 1s etched in the second direction, to form a
blocking groove 10 (as shown 1n FIG. 8) encircled by the
hard mask layers 105 and the bottom dielectric layer 101.
The blocking groove 10 1s configured to provide a space for
forming a blocking structure.

In some 1mplementations, the step of forming a blocking
groove 10 includes: as shown 1n FIG. 4 to FIG. 7, FIG. 4 and
FIG. 6 are top views, and FIG. 5 and FIG. 7 are respectively
cross-sectional views along the cutting line a-a in FI1G. 4 and
FIG. 6, forming a pattern layer 130 covering the hard mask
layer 105 on the bottom dielectric layer 101, a mask opening
20 exposing a part of a top surface of the bottom dielectric
layer 101 located between the adjacent hard mask layers 103
and a part of a side wall of the hard mask layer 105 1n the
second direction being formed 1n the pattern layer 130; and
as shown in FIG. 8, etching a part of a thickness of the
bottom dielectric layer 101 exposed by the mask opening 20
using the pattern layer 130 as a mask, to form the blocking
groove 10.

The pattern layer 130 1s used as a mask for etching the
bottom dielectric layer 101 to form the blocking groove 10.
Therefore, a pattern and a location of the pattern layer 130
define a pattern and a location of the blocking groove 10. In
some 1mplementations, a material of the pattern layer 130
includes spin-on carbon (SOC), the SOC has relatively good
filling performance, and the SOC may be formed through a
spin coating process, which 1s helpful to reduce the dithiculty
and process costs of forming the pattern layer 130. In other
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implementations, the material of the pattern layer may
alternatively be another suitable material.

In some implementations, the step of forming a pattern
layer 130 includes: as shown 1n FIG. 4 and FIG. 5, forming
a filling layer 111 covering the hard mask layer 105 on the
bottom dielectric layer 101; forming an anti-reflective coat-
ing 112 on the filling layer 111; forming a photoresist layer
113 on the anti-reflective coating 112; and as shown in FIG.
6 and FIG. 7, etching the anti-reflective coating 112 and the
filling layer 111 sequentially by using the photoresist layer
113 as a mask, to form the mask opening 20, the remaining
filling layer 111 being used as the pattern layer 130.

The filling layer 111 1s configured to form the pattern layer
130, and the filling layer 111 1s further configured to provide
a flat surface for forming the anti-retlective coating 112 and
the photoresist layer 113.

In some 1implementations, the anti-reflective coating 112
1s configured to reduce a reflection etlect during exposure,
thereby improving pattern transier precision. In some 1imple-
mentations, the anti-reflective coating 112 1s a S1-ARC layer,
and the S1-ARC layer helps to increase the exposure depth
of field (DOF) during the photolithography process, thereby
helping to 1mprove exposure uniformity. Moreover, the
S1-ARC layer 1s rich 1n silicon, and therefore further helps
to 1ncrease the hardness of the anti-reflective coating 112,
thereby helping to further improving the pattern transier
precision. In other implementations, the anti-reflective coat-
ing may alternatively be another suitable anti-reflective
matenal, for example, a bottom anti-reflective coating
(BARC).

The photoresist layer 113 1s used as a mask for etching the
filling layer 111 to form the mask opening 20. A material of
the photoresist layer 113 1s a photoresist. The photoresist
layer 113 may be formed through photolithography pro-
cesses such as photoresist coating, exposure, and develop-
ment. In some 1implementations, the anti-reflective coating,
112 and the filling layer 111 are sequentially etched by using
the photoresist layer 113 as a mask through an anisotropic
dry etching process.

In some 1implementations, the part of the thickness of the
bottom dielectric layer 101 exposed by the mask opening 20
1s etched by using the pattern layer 130 as a mask through
the anisotropic dry etching process, to form the blocking
groove 10. The anisotropic dry etching process has the
characteristic of anisotropic etching, which 1s helpful to
improve the pattern transier precision and make the pattern
of the blocking groove 10 meet a design requirement.

In some implementations, in the step of etching a part of
a thickness of the bottom dielectric layer 101 exposed by the
mask opening 20 using the pattern layer 130 as a mask, the
photoresist layer 113 1s gradually consumed. Therefore, after
the blocking groove 10 1s formed, the photoresist layer 113
has been removed.

Retferring to FIG. 9 to FIG. 11, a blocking structure 120
filled 1n the blocking groove 10 1s formed.

The blocking structure 120 1s configured to be used
together with the hard mask layer 105 as masks for subse-
quently etching the bottom dielectric layer 101 to form an
interconnection trench. The blocking structure 120 located
in the bottom dielectric layer 101 1s further configured to
segment the interconnection lines located on two sides of the
blocking structure 120 1n the first direction.

In some implementations, the step of forming a blocking
structure 120 includes: as shown in FIG. 9 and FIG. 10,
forming a blocking film 123 filling the blocking groove 10,
the blocking film 123 being further formed on a side wall of
the mask opening 20 and a top of the pattern layer 130; and
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as shown 1n FIG. 11, removing the blocking film 123 and the
pattern layer 130 that are higher than the hard mask layer
105, the remaining blocking film 123 located in the blocking
groove 10 being used as the blocking structure 120.

In some implementations, the blocking structure 120
includes an etch stop layer 122 and a pad layer 121 located
between the etch stop layer 122 and the side wall of the
conductive function layer. Theretfore, in the step of forming
a blocking structure 120, the blocking structure 120 includes
a pad layer 121 located on the side wall of the blocking
groove 10 and an etch stop layer 122 located on the pad layer
121 and filling the blocking groove 10.

In some implementations, a case that the blocking struc-
ture 120 includes the etch stop layer 122 and the pad layer
121 1s used as an example, and the step of forming a
blocking structure 120 includes: as shown 1in FIG. 9, forming,
a pad film 1211 on a bottom and a side wall of the blocking
groove 10, the side wall of the mask opening 20, and a top
surface of the pattern layer 130; as shown i FIG. 10,
forming an etch stop film 1221 located on the pad film 1211
and filled 1n the blocking groove 10, the etch stop film 1221
and the pad film 1211 being configured to constitute the
blocking film 123; and as shown in FIG. 11, removing the
etch stop film 1221, the pad film 1211, and the pattern layer
130 that are higher than the hard mask layer 103, the
remaining etch stop film 1221 located 1n the blocking groove
10 being used as the etch stop layer 122, and the remaining
pad film 1211 located 1n the blocking groove 10 being used
as the pad layer 121.

The pad film 1211 1s configured to form the pad layer 121.
In some implementations, a process of forming the pad film
1211 includes an atomic layer deposition process. The
atomic layer deposition process has relatively high stepped
covering property, helping to ensure that the pad film 1211
can be formed on the bottom and the side wall of the
blocking groove 10, the side wall of the mask opening 20,
and the top surface of the pattern layer 130, and also helping
to improve the thickness uniformity and thin-film deposition
quality of the pad film 1211.

In some implementations, the pad film 1211 1s formed on
the anti-reflective coating 112 located on the pattern layer
130.

A process of forming the etch stop film 1221 includes one
or two of the atomic layer deposition process and the spin
coating process. In some implementations, the etch stop
layer 1221 1s formed using the atomic layer deposition
process. The atomic layer deposition process has relatively
good gap filling performance and stepped covering property,
thereby improving the covering property of the etch stop
film 1221 on the bottom and the side wall of the blocking
groove 10. Moreover, the atomic layer deposition process
includes performing a plurality of atomic layer deposition
cycles to form a film layer with required thickness, helping
to improve the thickness uniformity and density of the etch
stop film 1221, so that the thickness of the etch stop film
1221 can be precisely controlled, and an effect of the etch
stop film 1221 being configured to define an etch stop
position 1s also improved. In the process of forming the etch
stop film 1221, the etch stop films 1221 located on the pad
films 1211 on side walls of the blocking groove 10 are
gradually in contact with each other as the thickness of the
deposition material gradually increases, to fill the etch stop
films 1221 1n the blocking groove 10.

In other implementations, the process of forming the etch
stop film alternatively includes the spin coating process
according to an actual process. The spin coating process 1s
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simple 1n operation and helpful to improve the filling
capability of the etch stop film 1n the blocking groove.

In some implementations, a case that after the pad film
1211 1s formed, the etch stop film 1221 i1s then formed 1s
used as an example. In other implementations, the step of
forming a blocking structure further includes: after forming
the pad film and before forming the etch stop film, removing
the pad film located on the bottom of the blocking groove
and the top surface of the pattern layer. By removing the pad
film located on the bottom of the blocking groove and the
top surface of the pattern layer, 1n the process of forming the
ctch stop film, the etch stop film can be 1n contact with the
bottom of the blocking groove, helping to increase a for-
mation depth of the etch stop layer, and helping to improve
the effect of defining an etch stop position of the etch stop
layer 1n the subsequent etching process of forming a via
accordingly.

In some 1implementations, the etch stop film 1221, the pad
film 1211, and the pattern layer 130 are etched using the top
surface of the hard mask layer 105 as a stop position, helping,
to reduce the process difliculty of forming the blocking
structure 120.

In some 1implementations, the etch stop film 1221, the pad
film 1211, and the pattern layer 130 that are higher than the
hard mask layer 105 are removed by using the dry etching
process. Specifically, the dry etching process 1s an anisotro-
pic dry etching process. The anisotropic dry etching process
has the characteristic of anisotropic etching, which 1s helptul
to 1improve the etching precision.

With reference to FIG. 12, 1n some implementations, after
forming the blocking structure 120 and before forming the
interconnection trench, the forming method of a semicon-
ductor structure further includes: removing the pattern layer
130, and exposing the bottom dielectric layer 101 located
between the hard mask layers 105.

The bottom dielectric layer 101 located between the hard
mask layers 105 are exposed to make preparation for sub-
sequently etching the bottom dielectric layer 101 using the
hard mask layers 105 and the blocking structure 120 as
masks. In some implementations, the pattern layer 130 1s
removed using at least one of an ashing process or a wet
degumming process.

Referring to FIG. 13, a part of a thickness of the bottom
dielectric layer 105 1s etched using the hard mask layers 105
and the blocking structure 120 as masks, to form an 1nter-
connection trench 30 1n the bottom dielectric layer 101.

The interconnection trench 30 1s configured to provide a
space for forming interconnection lines.

In some 1mplementations, the blocking structure 120 1s
first formed, and the part of the thickness of the bottom
dielectric layer 101 1s then etched using the hard mask layers
105 and the blocking structure 120 as masks to form the
interconnection trench 30. Accordingly, 1n the process of
forming the interconnection trench 30, the blocking struc-
ture 120 segments the mterconnection trenches 30 located
on two sides of the blocking structure in the first direction,

to enable the blocking structure 120 to be self-aligned with
the interconnection trenches 30. Moreover, after the inter-
connection lines 110 are subsequently formed in the inter-
connection trench 30, the interconnection lines 110 located
on two sides of the blocking structure 120 are segmented by
the blocking structure 120 in the first direction, so that the
step of etching the interconnection lines 110 1s not required.
The material of the interconnection line 110 1s generally a
metal maternial, and the difliculty of the etching process of
the metal matenal 1s relatively large, so that it 1s helpful to




US 12,080,596 B2

11

reduce the process difliculty by omitting the step of etching
the 1nterconnection lines 110.

In some 1implementations, the part of the thickness of the
bottom dielectric layer 105 1s etched using the anmisotropic
dry etching process, to form the interconnection trench 30 1n
the bottom dielectric layer 101. By using the anisotropic dry
etching process, it 1s helpiul to improve etching profile
controllability and also helptul to improve the pattern trans-
fer precision, and helpful to make the pattern of the inter-
connection trench 30 meet a design requirement accord-
ingly.

After the interconnection trench 30 1s formed, the inter-
connection trenches 30 located on two sides of the blocking
structure 120 1in the first direction are 1solated by the
blocking structure 120.

In some implementations, a case that the bottom of the
interconnection trench 30 1s flush with a bottom of the
blocking structure 120 i1s used as an example. In other
implementations, the bottom of the interconnection trench
may alternatively be lower than or higher than the bottom of
the blocking structure. Accordingly, when the bottom of the
interconnection trench i1s lower than the bottom of the
blocking structure, the interconnection trenches located on
the two sides of the blocking structure 1n the first direction
are 1solated by the blocking structure and the bottom dielec-
tric layer on the bottom of the blocking structure.

In some 1mplementations, the forming method of a semi-
conductor structure further includes: removing the hard
mask layer 105 and the blocking structure 120 that 1s higher
than the bottom dielectric layer 101.

As an example, after the interconnection trench 30 1s
formed and before the interconnection line 1s formed 1n the
interconnection trench 30, the hard mask layer 105 and the
blocking structure 120 that 1s higher than the bottom dielec-
tric layer 101 are removed.

By removing the hard mask layer 105 and the blocking
structure 120 that 1s higher than the bottom dielectric layer
101 before the iterconnection line 1s formed in the inter-
connection trench 30, 1n a subsequent process of forming the
interconnection line, the material of the interconnection line
does not need to be formed between the hard mask layers
105, which 1s helpiul to reduce the depth of the intercon-
nection line required to be filled, so as to help to improve the
filling capability and filling quality of the interconnection
line 1n the interconnection trench 30.

In some implementations, the hard mask layer 105 and the
blocking structure 120 that 1s higher than the bottom dielec-
tric layer 101 are removed using one or two processes of the
dry etching and the wet etching.

In other implementations, 1n the process of forming the
interconnection line, the hard mask layer and the blocking
structure that 1s higher than bottom dielectric layer may
alternatively be removed according to an actual process.
Specifically, the process of forming the interconnection line
includes a step of removing a conductive layer that 1s higher
than the bottom dielectric layer by using a planarization
process (for example, a chemical mechanical polishing
process), and i the process of removing the conductive
layer that 1s higher than the bottom dielectric layer by using
the planarization process, the hard mask layer and the
blocking structure that 1s higher than the bottom dielectric
layer are removed.

Referring to FIG. 14 and FIG. 16, FIG. 14 15 a top view,
FIG. 15 1s a cross-sectional view along a cutting line a-a 1n
FIG. 14, and FIG. 16 1s a cross-sectional view along a
cutting line b-b 1n FIG. 14, where the interconnection line
110 1s formed 1n the interconnection trench 30.

10

15

20

25

30

35

40

45

50

55

60

65

12

In some implementations, the step of forming an inter-
connection lime 110 includes: forming a conductive layer
(not shown 1n the figure) filled 1n the interconnection trench
30, the conductive layer being further formed on the bottom
dielectric layer 101 and the blocking structure 120; and
removing the conductive layer that 1s higher than the bottom
dielectric layer 101, the remaining conductive layer located
in the interconnection trench 30 being used as the intercon-
nection line 110.

It should be noted that the step of forming the bottom
dielectric layer 101, the interconnection line 110, and the
blocking structure 120 1n the present implementation 1s only
used as an example. However, in the present disclosure,
steps of forming a bottom dielectric layer, an interconnec-
tion line, and a blocking structure are not limited thereto. In
other implementations, the bottom dielectric layer, the inter-
connection line, and the blocking structure may alternatively
be formed using another suitable process according to an
actual process requirement.

Referring to FIG. 17, the top dielectric layer 140 covering
the bottom dielectric layer 101, the conductive function
layer 110, and the blocking structure 120 1s formed.

Subsequent steps further imnclude: forming a via runmng
through the top dielectric layer 140 and exposing the part of
the top and the part of the side wall of the conductive
function layer 110; forming a via in the top dielectric layer
140; and filling the vias with a via interconnection structure.
The top dielectric layer 140 1s configured to implement the
clectrical 1solation between the via interconnection struc-
tures.

In some 1mplementations, the top dielectric layer 140 1s
also an IMD layer.

In some implementations, a material of the top dielectric
layer 140 1s the same as the material of the bottom dielectric
layer 101.

Specifically, the top dielectric layer 140 1s formed by
using the deposition process, for example, the chemical
vapor deposition process.

Referring to FIG. 18, the top dielectric layer 140 located
above a junction of the blocking structure 120 and the
conductive function layer 110 and a part of the blocking
structure 120 located at the side wall of the conductive
function layer 110 are etched, to form a via 40 running
through the top dielectric layer 140 and exposing the part of
the top and the part of the side wall of the conductive
function layer 110.

The via 40 1s configured to provide space for forming the
via interconnection structure.

In some i1mplementations, the top dielectric layer 140
located above the junction of the blocking structure 120 and
the conductive function layer 110 1s etched. Theretfore, the
subsequently formed via interconnection structure can be
partially located on the end portion of the conductive
function layer 110 close to the blocking structure 120,
helping to improve the degree of freedom of the layout
design of the via interconnection structure.

Moreover, In some implementations, the part of the
blocking structure 120 located at the side wall of the
conductive function layer 110 1s further etched, to make the
via 40 further expose the part of the side wall of the
conductive function layer 110, so that in the subsequent
process of forming a via interconnection structure, the via
interconnection structure 1s not only in contact with the part
of the top of the conductive function layer 110, but also 1n
contact with the part of the side wall of the conductive
function layer 110. That 1s, the via interconnection structure
covers a top cormer of the conductive function layer 110
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adjacent to the blocking structure 120, which 1s helpful to
increase a contact area between the via interconnection
structure and the conductive function layer 110, so as to help
to reduce the contact resistance between the via 1ntercon-
nection structure and the conductive function layer 110, to
turther help to improve the performance of the semiconduc-
tor structure.

In some implementations, in the process of forming the
via 40, the etch stop layer 122 may be configured to define
an etch stop position, thereby reducing a probability of
mistakenly etching the etch stop layer 122 by using the
ctching process of forming the via 40, and accordingly
reducing a probability that the via 40 located on one side of
the blocking structure 120 exposes the conductive function
layer 110 located on the other side of the blocking structure
120. In this way, a short circuit problem between the via
interconnection structure and the adjacent conductive func-
tion layer 1s prevented, which not only helps to enlarge a
process window of forming the via 40, but also helps to
improve the rehability of the semiconductor structure.

In some implementations, 1n the step of forming a via 40,
a part ol the via 40 that 1s located between the conductive
function layer 110 and the blocking structure 120 1s used as
a sub-via.

An opening width of the sub-via in the first direction
should not be too small or too large. I the opening width of
the sub-via 1s too small, 1n the subsequent step of forming,
the via interconnection structure filling the wvia 40, the
dificulty 1n filling the via interconnection structure in the
sub-via 1s relatively large; and if the opening width of the
sub-via 1s too large, this easily causes that the remaining
width of the blocking structure 120 that 1s located at a side
wall of the sub-via 1s too small, which easily increases a risk
ol short circuit or breakdown between the via interconnec-
tion structure and the adjacent conductive function layer
110. Therefore, 1n some implementations, the opening width
of the sub-via in the first direction 1s 5 nm to 50 nm.

A depth of the sub-via should not be too small or too large.
I1 the depth of the sub-via 1s too small, an area of the side
wall of the conductive function layer 110 exposed by the via
40 1s too small accordingly, which easily leads to an incon-
spicuous ellect of increasing the contact area between the via
interconnection structure and the conductive function layer
110; and 11 the depth of the sub-via 1s too large, this easily
causes that a volume of the blocking structure 120 that is
located at the side wall of the sub-via 1s too small, which
casily increases the risk of a short circuit or breakdown
problem between the via interconnection structure and the
adjacent conductive tunction layer 110. Therefore, 1n some
implementations, the depth of the sub-via 1s 2 nm to 50 nm.

In some 1mplementations, the step of forming a via 40
includes: etching the top dielectric layer 140 located above
the junction of the blocking structure 120 and the conductive
function layer 110, to form an imitial via (not marked)
running through the top dielectric layer 140, a bottom of the
initial via exposing a part of the conductive function layer
110 and a part of the blocking structure 120; and etching the
blocking structure 120 at the bottom of the initial via to
expose a part of a side wall of the conductive function layer

110 that 1s adjacent to the blocking structure 120, to form the
via 40.

In some implementations, the top dielectric layer 140
located above the junction of the blocking structure 120 and
the conductive function layer 110 1s etched using the aniso-
tropic dry etching process, to form the initial via.
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After the initial via 1s formed, one or two of the wet
etching process and the dry etching process 1s adopted to
ctch the blocking structure 120 at the bottom of the initial
via.

In some implementations, 1n the step of forming a via, a
part of the pad layer 121 located on the side wall of the
conductive function layer 110 1s etched. The pad layer 121
and the etch stop layer 122 are made of diflerent materials.
By etching the part of the pad layer 121 located on the side
wall of the conductive function layer 110, 1t 1s helpful to
reduce the probability of mistakenly etching the etch stop
layer 122, so that the etch stop layer 122 can define an etch
stop position. Accordingly, 1t 1s helpful to prevent the
blocking structure from being etched through by the etching
process to expose the adjacent conductive function layer
110, and further helpful to improve the reliability of the
process and reduce the risks of the process.

In some implementations, the part of the pad layer 121
located on the side wall of the conductive function layer 110
1s etched, and an etching selection ratio of the pad layer 121
to the etch stop layer 122 1n the etching process 1s at least
3:1. The etching process has a relatively large etching
selection ratio of the pad layer 121 to the etch stop layer 122,
which helps to further reduce the probability of mistakenly
ctching the etch stop layer 122, thereby ensuring that the
etch stop layer 122 can define the etch stop position.

Referring to FIG. 19, the via interconnection structure 150
1s filled 1n the via, and the via interconnection structure 150
1s 1n contact with the part of the top and the part of the side
wall of the conductive function layer 110.

The via interconnection structure 150 i1s configured to
implement electrical connection between the conductive
function layer 110 and other interconnection structures or an
external circuit. Specifically, In some implementations, the
via mterconnection structure 150 1s configured to implement
the electrical connection between the interconnection line
110 and other interconnect structures or an external circuit.

In some 1mplementations, 1n the process of forming the
via nterconnection structure 150, the via interconnection
structure 150 1s not only 1n contact with the part of the top
of the conductive function layer 110, but also 1n contact with
the part of the side wall of the conductive function layer 110.
That 1s, the via interconnection structure 150 covers a top
corner of the conductive function layer 110 adjacent to the
blocking structure 120, which 1s helptul to increase a contact
area between the via interconnection structure 150 and the
conductive function layer 110, so as to help to reduce the
contact resistance between the via interconnection structure
150 and the conductive function layer 110, to further help to
improve the performance of the semiconductor structure.

In some implementations, the via interconnection struc-
ture 150 1includes: a first part 151, located 1n a part of a width
of the blocking structure 120 at the side wall of the con-
ductive function layer 110 and 1n contact with the part of the
side wall of the conductive function layer 110, and a second
part 152 connected to the first part 151 and located on the
first part 151, the second part 152 running through the top
dielectric layer 140 located above the junction of the block-
ing structure 120 and the conductive function layer 110 and
being 1n contact with the part of the top of the conductive
function layer 110.

In some implementations, the first part 151 1s located 1n
the pad layer 121 on the side wall of the conductive function
layer 110.

As can be learned from the above, by forming the etch
stop layer 122, the probability that the via 40 exposes the
adjacent conductive function layer 110 or the via 40 1s too
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close to the adjacent conductive function layer 110 1s
reduced. Therefore, the probability of the short circuit or
breakdown problem between the via interconnection struc-
ture 150 and the adjacent conductive function layer 110 1s
low, helping to ensure the reliability and stability of the
semiconductor structure while improving the degree of
freedom of the layout design of the via interconnection
structure 130.

In some 1mplementations, a material of the via intercon-
nection structure 1350 1s copper, which 1s helpful to reduce
signal delay of RC in the BEOL, improve a processing speed
of a chip, and reduce power consumption. In other imple-
mentations, the material of the via interconnection structure
may alternatively be a conductive material such as alumi-
num, tungsten, or coballt.

In some implementations, the step of forming a wvia
interconnection structure 150 includes: forming a conduc-
tive material layer (not shown in the figure) filled 1n the via
40, the conductive material layer further covering the top
dielectric layer 140; and flattening the conductive material
layer by using a top surface of the top dielectric layer 140 as
a stop position, the remaining conductive matenal layer
being used as the via iterconnection structure 150.

A process of forming the conductive material layer
includes one or more of the atomic layer deposition process,
the physical vapor deposition process, the chemical vapor
deposition process, and the electrochemical plating process.

In some implementations, the conductive material layer 1s
flattened using a chemically-mechanically polishing (CMP)
process, which 1s helpful to improve the flatness of a top
surface of the via interconnection structure 150.

FIG. 20 to FIG. 23 are schematic structural diagrams
corresponding to steps 1in another form of a forming method
of a semiconductor structure according to the present dis-
closure. Similarities between the present form and the fore-
going forms are not described herein again. Diflerences
between the present form and the foregoing form are that:
the conductive function layer 1s a metal gate, and the bottom
dielectric layer 1s an interlayer dielectric layer.

Referring to FIG. 20, a base 200 1s provided.

In some 1mplementations, the base 200 includes a sub-
strate 21 and a plurality of fins 22 discretely located on the
substrate 21. The fins 22 extend 1n the second direction, and
the base 200 includes a gate partition C, and a first device
unit region I and a second device unit region II respectively
located on two sides of the gate partition C.

In some implementations, the substrate 21 1s a silicon

substrate. In other implementations, the material of the
substrate may alternatively be another material such as Ge,
S1Ge, S1C, GaAs, or InGa. The substrate can also be a
substrate of another type, such as a Si1 substrate on an
insulator or a Ge substrate on an 1nsulator.

In some implementations, the fin 22 1s made of a same
material as that of the substrate 21, and the fin 22 1s made
of silicon.

The base 200 includes the first device unit region I and the
second device unit region II that are adj acent to each other.
A Junctlon of the first device unit region I and the second
device unit region II i1s the gate partition C configured to
define a segmentation position of gates, so that gates of
different device unit regions can be separated subsequently.

An 1solation layer 23 is further formed on the substrate 21,
the 1solation layer 23 covers a part of a side wall of the fin
22, and a top surface of the 1solation layer 23 is lower than
a top surface of the fin 22. The isolation layer 23 1is
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configured to play an 1solation role between adjacent
devices. In some implementations, a material of the 1solation
layer 23 1s silicon oxide.

Still referring to FIG. 20, a plurality of conductive func-
tion layers 210 extending 1n the first direction and sequen-
tially arranged 1n the second direction, a bottom dielectric
layer 201 located on the base 200 between the conductive
function layers 210, and a blocking structure 220 located 1n
the conductive function layer 210 are formed on the base
200. The blocking structure 220 segments the conductive
function layers 210 located on two sides of the blocking
structure 220 1n the first direction.

In some implementations, the conductive function layer
210 1s a metal gate 210.

When the device 1s 1n operation, the metal gate 210 1s
configured to control on or ofl of a conductive channel. In
some 1mplementations, the metal gate 210 spans the plural-
ity of fins 22 and covers a part of a top and the part of the
side wall of the fin 22.

In some implementations, the metal gate 210 1s formed on
the 1solation layer 23.

The metal gate 210 includes a high-k gate dielectric layer
(not shown 1n the figure), a work function layer (not shown
in the figure) located on the high-k gate dielectric layer, and
a gate electrode layer (not shown 1n the figure) located on the
work function layer.

In some implementations, the bottom dielectric layer 201
1s an interlayer dielectric (ILD) layer, configured to imple-
ment 1solation between adjacent metal gates 210.

In some implementations, the bottom dielectric layer 201
1s formed on the 1solation layer 23 between the metal gates
210. A material of the bottom dielectric layer 201 1s an
insulating materal.

In some 1mplementations, the blocking structure 220 1s
formed on the gate partition C. The blocking structure 220
1s configured to segment a metal gate 210 of the first device
unit region I and a metal gate 210 of the second device umit
region II.

Specifically, the blocking structure 220 1s formed on the
1solation layer 23 of the gate partition C.

In some i1mplementations, the blocking structure 220
includes an etch stop layer 222 and a pad layer 221 located
between the etch stop layer 222 and a side wall of the metal
gate 210. In some implementations, the pad layer 221 1is
further formed on a bottom of the etch stop layer 222. For
the related description of the blocking structure 220, the etch
stop layer 222, and the pad layer 221, reference may be
made to the corresponding description 1n the foregoing
implementations, as details are not described again 1n the
present implementations.

In some implementations, in the first direction, there 1s a
first distance d1 between the blocking structure 220 and a fin
22 that 1s 1n the first device unit region I and closest to the
blocking structure 220, and there 1s a second distance d2
between the blocking structure 220 and a fin 22 that 1s 1n the
second device unit region II and closest to the blocking
structure 220, where the second distance d2 1s smaller than
the first distance d1. That 1s, compared with the distance
between the fin 22 that 1s 1n the first device unit region I and
closest to the blocking structure 220 and the blocking
structure 220, the distance between the fin 22 that 1s in the
second device unit region II and closest to the blocking
structure 220 and the blocking structure 220 1s smaller, and
the distance between the side wall of the metal gate 210 of
the second device unit region II and the fin 22 that 1s closest
to the blocking structure 220 1s smaller. The step of formmg
a metal gate 210 includes a process of filling a gate opening
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exposed by the blocking structure 220 with the metal gate
210. Because the distance between the fin 220 that 1s 1n the
second device unit region II and closest to the blocking
structure 220 and the blocking structure 220 1s smaller, this
casily causes that, 1n the process of forming the metal gate
210, the filling capability of the metal gate 210 1 a gap
between the blocking structure 220 and the fin 22 that 1s in
the second device unit region II and closest to the blocking,
structure 220 1s relatively poor, and the filling quality or the
filling volume of the metal gate 210 1n the gap between the
blocking structure 220 and the fin 22 that 1s 1n the second
device unit region II and closest to the blocking structure
220 1s relatively poor or few, causing a turn-on voltage of a
device formed by the fin 22 that 1s 1n the second device unit
region II and closest to the blocking structure 220 and the
metal gate 210 to be different from a turn-on voltage of a
device formed by the fin 22 that 1s in the first device unit
region I and closest to the blocking structure 220 and the
metal gate 210. For example, the turn-on voltage of the
device formed by the fin 22 that 1s 1n the second device unit
region II and closest to the blocking structure 220 and the
metal gate 210 1s higher, causing a turn-on voltage of the fin
22 that 1s 1n the second device unit region II and closest to
the blocking structure 220 to dewviate.

Referring to FIG. 21, the top dielectric layer 230 covering,
the bottom dielectric layer 201, the conductive function
layer 210, and the blocking structure 220 1s formed. The top
dielectric layer 230 1s configured to implement the electrical
1solation between the via interconnection structures.

For the related description of the top dielectric layer 230,
reference may be made to the corresponding description in
the foregoing implementations, as details are not described
again 1n the present implementations.

Referring to FIG. 22, the top dielectric layer 230 located
above a junction of the blocking structure 220 and the
conductive function layer 210 and a part of the blocking
structure 220 located at the side wall of the conductive
function layer 210 are etched, to form a via 41 running
through the top dielectric layer 230 and exposing a part of
a top and a part of a side wall of the conductive function
layer 210.

In some implementations, in the step of forming a via 41,
the top dielectric layer 230 located above the junction of the
gate partition C and the second device umit region II and the
part of the blocking structure 220 located at the side wall of
the metal gate 210 of the second device unit region II are
ctched, to form the via 41 exposing a part of a top and a part
ol a side wall of the metal gate 210 of the second device unit
region I1.

In the step of forming a via 41, the forming method of a
semiconductor structure further includes: etching the top
dielectric layer 230 that 1s 1n the first device unit region I and
close to the blocking structure 220, to form a contact hole
42, the contact hole 42 being encircled by a top surface of
the metal gate 210 1n the first device unit region I and the top
dielectric layer 230.

In some 1implementations, in the first direction, the second
distance d2 (as shown 1n FIG. 20) 1s smaller than the first
distance d1 (as shown in FIG. 20). A turn-on voltage of a
device Corresponding to the fin 22 that 1s i the second
device unit region II and closest to the blocking structure
220 1s difference from a turn-on voltage of a device corre-
sponding to the fin 22 that 1s in the first device unit region
I and closest to the blocking structure 220, and the turn-on
voltage of the device corresponding to the fin 22 that 1s 1n the
second device unit region II and closest to the blocking
structure 220 deviates.
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In some implementations, by making the via 41 to expose
the part of the top and the part of the side wall of the metal
gate 210 of the second device unit region II, after the via
interconnection structure 1s formed in the via 41 subse-
quently, 1 addition to being 1n contact with the part of the
top of the metal gate 210 of the second device unit region 11,

the via interconnection structure can be further in contact
with the part of the side wall of the metal gate 210 of the
second device unit region II, which 1s helpful to increase a
contact area between the via interconnection structure and
the metal gate 210 of the second device unit region II.
Moreover, In some implementations, an area of the top and
the side wall of the metal gate 210 exposed by the via 41
may be larger than an area of the top of the metal gate 210
exposed by the contact hole 42 by adjusting an etching depth
of the via 41, so that the contact area between the wvia
interconnection structure and the metal gate 210 of the
second device unit region II 1s larger. The material of the via
interconnection structure 1s generally a metal material, and
the metal material has a work function. By making the
contact area between the via interconnection structure and
the metal gate 210 of the second device unit region II larger,
the via interconnection structure 1s enabled to play a role of
adjusting the work function of the fin 22 that 1s 1n the second
device unit region II and closest to the blocking structure
220.

For specific process steps of forming the via 41 1n some
implementations, reference may be made to the correspond-
ing description 1n the foregoing implementations, as details
are not described again 1n the present implementations.

Referring to FI1G. 23, the via interconnection structure 250
1s filled 1n the via 41, and the via interconnection structure
250 15 1n contact with a part of a top and a part of a side wall
of the conductive function layer 210.

In some implementations, the via interconnection struc-
ture 250 includes: a first part 251, located a part of a width
of 1n the blocking structure 220 at the side wall of the
conductive function layer 210 and 1n contact with the part of
the side wall of the conductive function layer 210, and a
second part 252 connected to the first part 251 and located
on the first part 251, the second part 152 running through the
top dielectric layer 230 located above the junction of the
blocking structure 220 and the conductive function layer 210
and being in contact with the part of the top of the conduc-
tive function layer 210.

In some implementations, in the step of forming a via
interconnection structure 250, the forming method of a
semiconductor structure further includes: filling the contact
hole 42 with a contact hole plug 260, a bottom of the contact
hole plug 260 being in contact with the top surface of the
metal gate 210 of the first device unit region 1.

In some 1mplementations, in the step of forming a via
interconnection structure 250, the via interconnection struc-
ture 250 1s 1n contact with the part of the side wall and a part
ol a top surface of the metal gate 210 of the second device
umt region II, and the via interconnection structure 250 1s
configured to adjust the work function of the metal gate 210
of the second device unit region II.

In some 1implementations, 1n the first direction, the second
distance d2 (as shown in FIG. 20) 1s smaller than the first
distance d1 (as shown in FIG. 20). A turn-on voltage of a
device corresponding to the fin 22 that i1s in the second
device umt region II and closest to the blocking structure
220 1s difference from a turn-on voltage of a device corre-
sponding to the fin 22 that 1s in the first device unit region
I and closest to the blocking structure 220, and the turn-on
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voltage of the device corresponding to the fin 22 that 1s in the
second device unit region II and closest to the blocking
structure 220 deviates.

In some 1mplementations, in addition to being in contact
with the part of the top of the metal gate 210 of the second
device unit region II, the via interconnection structure 250
can be further 1n contact with the part of the side wall of the
metal gate 210 of the second device unit region II, which 1s
helptul to increase a contact area between the via intercon-
nection structure 250 and the metal gate 210 of the second
device unit region II. Moreover, 1n some 1implementations,
an area of the top and the side wall of the metal gate 210
exposed by the via 41 may be larger than an area of the top
of the metal gate 210 exposed by the contact hole 42 by
adjusting an etching depth of the via 41, so that the contact
area between the via interconnection structure 250 and the
metal gate 210 of the second device unit region II 1s larger
than a contact area between the contact hole plug 260 and
the metal gate 210 of the first device unit region I. The
material of the via interconnection structure 250 1s generally
a metal material, and the metal material has a work function.
By making the contact area between the via interconnection
structure 250 and the metal gate 210 of the second device
unit region II larger, the via interconnection structure 250 1s
enabled to play a role of adjusting the work function of the
fin 22 that 1s 1n the second device unit region II and closest
to the blocking structure 220.

Therelfore, 1n some implementations, the material of the
via interconnection structure 250 1s a metal work function
material, and the material of the via interconnection struc-
ture 250 1ncludes at least one of Cu, TaN, Ta, T1, TiN, Co,
Ru, RuN, W, or Al

In some 1implementations, a material of the contact hole
plug 260 1s the same as the maternial of the via interconnec-
tion structure 250.

For specific process steps of forming the via interconnec-
tion structure 250 in some 1mplementations, reference may
be made to the corresponding description in the foregoing
implementations, as details are not described again 1n the
present implementations.

For detailed descriptions of the forming method of a
semiconductor structure in some 1implementations, reference
may be made to the corresponding descriptions in the
foregoing implementations, as details are not described
again 1n the present implementations.

Accordingly, the present disclosure further provides a
semiconductor structure. FIG. 19 1s a schematic structural
diagram of one form of a semiconductor structure according
to the present disclosure. Specifically, FIG. 19 1s a cross-
sectional view 1n an extending direction of a conductive
function layer.

The semiconductor structure includes: a base 100:; a
plurality of conductive function layers extending in a first
direction and sequentially arranged 1n a second direction that
are located on the base 100; a bottom dielectric layer 101,
located on the base 100 between the conductive function
layers 110; a blocking structure 120 located 1n the conduc-
tive function layer 110, the blocking structure 120 segment-
ing the conductive function layers 110 located on two sides
of the blocking structure 120 1n the first direction; a top
dielectric layer 140, covering the bottom dielectric layer
101, the conductive function layers 110, and the blocking
structure 120; a via iterconnection structure 150, including
a first part 151 located in a part of a width of the blocking
structure 120 at a side wall of the conductive function layer
110 and being 1n contact with a part of a side wall of the
conductive function layer 110, and a second part 152 con-
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nected to the first part 151 and located on the first part 151,
the second part 152 running through the top dielectric layer
140 located above a junction of the blocking structure 120
and the conductive function layer 110 and being 1n contact
with a part of a top of the conductive function layer 110.
The via interconnection structure 150 includes a first part

151 located 1n a part of a width of the blocking structure 120
at the side wall of the conductive function layer 110 and
being in contact with the part of the side wall of the
conductive function layer 110, and a second part 152 con-
nected to the first part 151 and located on the first part 151,
the second part 152 running through the top dielectric layer
140 located above a junction of the blocking structure 120
and the conductive function layer 110 and being 1n contact
with the part of the top of the conductive function layer 110.
That 1s, the via mterconnection structure 150 1s not only 1n
contact with the part of the top of the conductive function
layer 110, but also 1n contact with the part of the side wall
of the conductive function layer 110. That 1s, the wvia
interconnection structure 150 covers a top corner of the
conductive function layer 110 adjacent to the blocking
structure 120, which 1s helpful to increase a contact area
between the via mterconnection structure 150 and the con-
ductive function layer 110, so as to help to reduce the contact
resistance between the via interconnection structure 150 and
the conductive function layer 110, to further help to improve
the performance of the semiconductor structure.

The base 100 provides a process platform for processes.
Semiconductor devices such as a transistor and a capacitor
may be formed in the base 100, and functional structures
such as a resistance structure and a conductive structure may
also be formed 1n the base 100.

The bottom dielectric layer 101 1s configured to 1imple-
ment the electrical 1solation between the conductive function
layers 110.

In some 1implementations, the bottom dielectric layer 101
1s an IMD layer and 1s configured to electrically isolate
adjacent interconnection structures 1 a BEOL process. As
an example, the bottom dielectric layer 101 1s a single-layer
structure, and a material of the bottom dielectric layer 101
1s an ultra-low-k dielectric material.

Accordingly, 1n some implementations, the conductive
function layer 110 1s an interconnection line 110, and the
bottom dielectric layer 101 1s configured to implement the
clectrical i1solation between adjacent interconnection lines
110. The interconnection line 110 1s configured to implement
the electrical connection between the base 100 and an
external circuit or other interconnection structures.

As an example, the conductive function layer 110 1s a
single-layer structure, and a material of the conductive
function layer 110 1s copper.

The blocking structure 120 1s configured to segment the
conductive function layers 110 in the first direction, so as to
disconnect the conductive function layers 110 at a position
where interconnection 1s not required, so that a pattern and
the performance of electrical connection of the conductive
function layers 110 meet a design requirement. In some
implementations, the second direction i1s perpendicular to
the first direction.

In some implementations, the blocking structure 120
includes an etch stop layer 122 and a pad layer 121 located
between the etch stop layer 122 and the side wall of the
conductive function layer 110, and the pad layer 121 further
covers a bottom of the etch stop layer 122. Accordingly, the
first part 151 1s located in the pad layer 121 on the side wall
of the conductive function layer 110.
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The step of forming a via interconnection structure 150
includes: etching the top dielectric layer 140 located above
a junction of the blocking structure 120 and the conductive
function layer 110 and a part of the blocking structure 120
located at the side wall of the conductive function layer 110,
to form a via running through the top dielectric layer 140 and
exposing the part of the top and the part of the side wall of
the conductive function layer 110; and filling the via with the
via 1terconnection structure 150.

The blocking structure 120 includes the etch stop layer
122 and the pad layer 121, so that in a process of forming
a via, the pad layer 121 located on the side wall of the
conductive function layer 110 may be etched. The etch stop
layer 122 may define an etch stop position 1n the process of
forming a via. A process of etching the top dielectric layer
140 has a relatively high etching selection ratio of the top
dielectric layer 140 to the etch stop layer 122, a process of
ctching the pad layer 121 has a relatively high etching
selection ratio of the pad layer 121 to the etch stop layer 122,
and a process of etching the top dielectric layer 140 and the
pad layer 121 has a low probability of mistakenly etching the
ctch stop layer 122, which 1s helpiul to reduce a probability
that a via located on one side of the blocking structure 120
exposes the conductive function layer 110 located on the
other side of the blocking structure 120. Accordingly, a
probability that there 1s a short circuit or breakdown problem
between the via interconnection structure 150 and the adja-
cent conductive function layer 110 1s relatively low, so that
the via interconnection structure 150 can be partially landed
on an end portion of the conductive function layer 110 close
to the blocking structure 120, to further help to improve a
degree of freedom of a layout design of forming the via
interconnection structure 150 and improve the reliability and
stability of the semiconductor structure.

A material of the pad layer 121 includes at least one of
silicon oxide, silicon nitride, aluminum oxide, titanium
oxide, mitrogen doped silicon carbide, carbon doped silicon
oxide, or silicon carbide. The matenial of the pad layer 121
1s a dielectric material, which 1s helptul to reduce the impact
on the performance of the semiconductor structure, and also
ensures that the blocking structure 120 can electrically
1solate the conductive function layers 110 located on two
sides of the blocking structure 120 1n the first direction.

In some 1mplementations, the material of the pad layer
121 1s silicon oxide.

A material of the etch stop layer 122 includes at least one
of silicon oxide, silicon nitride, aluminum oxide, titanium
oxide, mitrogen doped silicon carbide, carbon doped silicon
oxide, or silicon carbide. The material of the etch stop layer
122 is different from the material of the pad layer 121. In
some 1mplementations, the material of the etch stop layer
122 1s aluminum oxide. In a subsequent etching process of
forming a via, the etching process has a relatively large
ctching selection ratio of the matenal of the top dielectric
layer to aluminum oxide and a relatively large etching
selection ratio of silicon oxide to aluminum oxide, so as to
ensure that the etch stop layer 122 can play a role of defining
the etch stop position.

In some implementations, a case that the blocking struc-
ture 120 includes the etch stop layer 122 and the pad layer
121 located between the etch stop layer 122 and the side wall
of the conductive function layer 110, and the pad layer 121
1s further formed on a bottom of the etch stop layer 122 is
used as an example.

In other implementations, the blocking structure may
alternatively include the etch stop layer and the pad layer
located between the etch stop layer and the side wall of the
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conductive function layer. In some implementations, the pad
layer 1s only located between the etch stop layer and the side
wall of the conductive function layer. That 1s, the thickness
of the etch stop layer 1s larger, which 1s helpiul to improve
the eflect of the etch stop layer configured to define the etch
stop position of the etching process of forming a via and
helpiul to turther enlarge the process window of forming a
via 1mterconnection structure accordingly.

The top dielectric layer 140 1s configured to implement

the electrical 1solation between the via interconnection struc-
tures 150.

In some 1mplementations, the top dielectric layer 140 1s
also an IMD layer.

The via interconnection structure 150 i1s configured to
implement electrical connection between the interconnec-
tion line 110 and other interconnection structures or an
external circuit. In some 1mplementations, a material of the
via 1terconnection structure 150 1s copper.

In some implementations, in the first direction, a width of
the first part 151 1s 5 nm to 50 nm.

In some implementations, a height of the first part 151 1s
2 nm to 50 nm.

The semiconductor structure may be formed using the
forming method 1n the foregoing implementations, or may
be formed using other forming methods. For specific
descriptions for the semiconductor structure of the present
implementations, reference may be made to corresponding
descriptions 1n the foregoing implementations. Details are
not described again 1n the present implementations.

FIG. 23 1s a schematic structural diagram of another form
of a semiconductor structure according to the present dis-
closure. Similarities between the present implementations
and the foregoing implementations are not described herein
again.

Differences between the present implementations and the
foregoing implementations are that: the base 200 includes a
substrate 21 and a plurality of fins 22 dlscretely located on
the substrate 21, where the fins 22 extend in the second
direction, that the base 200 includes a gate partition C, and
that a first device unit region I and a second device umit
region II are respectively located on two sides of the gate
partition C.

In some implementations, the substrate 21 1s a
substrate; and a material of the fin 22 1s silicon.

An 1solation layer 23 covering a part of a side wall of the
fin 22 1s turther formed on the substrate 21, and a top surface
of the 1solation layer 23 1s lower than a top surface of the fin
22. The 1solation layer 23 1s configured to play an 1solation
role between adjacent devices. In some implementations, a
material of the 1solation layer 23 1s silicon oxide.

The base 200 includes the first device unit region I and the
second device unit region II that are adjacent to each other.
A junction of the first device unit region I and the second
device unit region II 1s the gate partition C configured to
define a segmentation position of gates 210, so that metal
gates 210 of different device unit regions can be separated.

The conductive function layer 210 1s a metal gate 210, and
the bottom dielectric layer 201 1s an interlayer dielectric
layer 201.

When the device 1s in operation, the metal gate 210 1s
configured to control on or ofl of a conductive channel.

The metal gate 210 spans the plurality of fins 22 and
covers a part of a top and the part of the side wall of the fin
22.

The metal gate 210 includes a high-k gate dielectric layer
(not shown 1n the figure), a work function layer (not shown
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in the figure) located on the high-k gate dielectric layer, and
a gate electrode layer (not shown in the figure) located on the
work function layer.

In some 1implementations, the metal gate 210 1s formed on
the 1solation layer 23.

In some 1mplementations, the bottom dielectric layer 201
1s an interlayer dielectric (ILD) layer, configured to imple-
ment 1solation between adjacent metal gates 210. In some
implementations, a material of the bottom dielectric layer
201 1s silicon oxade.

In some 1implementations, the blocking structure 220 1s
located on the gate partition C. The blocking structure 220
1s configured to segment a metal gate 210 of the first device
unit region I and a metal gate 210 of the second device unit
region II.

Specifically, the blocking structure 220 1s formed on the
1solation layer 23 of the gate partition C.

In some 1mplementations, the blocking structure 220
includes an etch stop layer 222 and a pad layer 221 located
between the etch stop layer 222 and a side wall of the metal
gate 210. In some implementations, the pad layer 221 further
covers a bottom of the etch stop layer 222. For the related
description of the blocking structure 220, the etch stop layer
222, and the pad layer 221, reference may be made to the
corresponding description in the foregoing implementations,
as details are not described again 1n the present implemen-
tations.

In some implementations, in the first direction, there 1s a
first distance d1 (as shown 1n FIG. 20) between the blocking
structure 220 and a fin 22 that 1s 1n the first device unmit region
I and closest to the blocking structure 220, and there 1s a
second distance d2 (as shown in FIG. 20) between the
blocking structure 220 and a fin 22 that 1s 1n the second
device unit region II and closest to the blocking structure
220, where the second distance d2 is smaller than the first
distance d1. That 1s, compared with the distance between the
fin 22 that 1s 1n the first device unit region I and closest to
the blocking structure 220 and the blocking structure 220,
the distance between the fin 22 that 1s 1 the second device
unit region II and closest to the blocking structure 220 and
the blocking structure 220 1s smaller, and the distance
between the side wall of the metal gate 210 of the second
device unit region II and the fin 22 that 1s closest to the
blocking structure 220 1s smaller. The step of forming a
metal gate 210 includes a process of filling a gate opening
exposed by the blocking structure 220 with the metal gate
210. Because the distance between the fin 220 that 1s 1n the
second device unit region II and closest to the blocking
structure 220 and the blocking structure 220 1s smaller, this
casily causes that, 1n the process of forming the metal gate
210, the filling capability of the metal gate 210 1 a gap
between the blocking structure 220 and the fin 22 that 1s in
the second device unit region II and closest to the blocking,
structure 220 1s relatively poor, and the filling quality or the
filling volume of the metal gate 210 1n the gap between the
blocking structure 220 and the fin 22 that 1s in the second
device unit region II and closest to the blocking structure
220 1s relatively poor or few, causing a turn-on voltage of a
device formed by the fin 22 that 1s 1n the second device unit
region II and closest to the blocking structure 220 and the
metal gate 210 to be diflerent from a turn-on voltage of a
device formed by the fin 22 that 1s in the first device unit
region I and closest to the blocking structure 220 and the
metal gate 210. For example, the turn-on voltage of the
device formed by the fin 22 that 1s 1n the second device unit
region II and closest to the blocking structure 220 and the
metal gate 210 1s higher, causing a turn-on voltage of the fin
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22 that 1s 1n the second device unit region II and closest to
the blocking structure 220 to deviate.

The top dielectric layer 230 1s configured to implement
the electrical 1solation between the via interconnection struc-
tures. For the related description of the top dielectric layer
230, reference may be made to the corresponding descrip-
tion 1n the foregoing implementations, as details are not
described again herein.

In some implementations, the via interconnection struc-
ture 250 1includes: a first part 251, located 1n a part of a width
of the blocking structure 220 at the side wall of the con-
ductive function layer 210 and 1n contact with a part of a side
wall of the conductive function layer 210, and a second part
252 connected to the first part 251 and located on the first
part 251, the second part 152 running through the top
dielectric layer 230 located above the junction of the block-
ing structure 220 and the conductive function layer 210 and
being in contact with a part of a top of the conductive
function layer 210.

The semiconductor structure further includes: a contact
hole plug 260 running through the top dielectric layer 230
that 1s 1n the first device unit region I and close to the
blocking structure 220, where a bottom of the contact hole
plug 260 1s 1n contact with the top surface of the metal gate
210 1n the first device umt region I.

In some implementations, the via interconnection struc-
ture 250 1s located 1n the top dielectric layer 230 located
above the junction of the gate partition C and the second
device unit region II and the part of the blocking structure
220 at the side wall of the metal gate 210 of the second
device unit region II, and the via interconnection structure
250 15 1n contact with a part of a side wall and a part of a top
surface of the metal gate 210 of the second device unit
region II, where the via interconnection structure 250 1s
configured to adjust a work function of the metal gate 210
of the second device unit region II.

In some implementations, 1n the first direction, the second
distance d2 i1s smaller than the first distance d1. A turn-on
voltage of a device formed by the fin 22 that 1s 1n the second
device unit region II and closest to the blocking structure
220 and the metal gate 210 1s diflerence from a turn-on
voltage of a device formed by the fin 22 that 1s 1n the first
device unit region I and closest to the blocking structure 220
and the metal gate 210, and the turn-on voltage of the fin 22
that 1s 1n the second device umt region II and closest to the
blocking structure 220 deviates.

In some 1mplementations, 1n addition to being 1n contact
with a part of a top of the metal gate 210 of the second
device unit region 11, the via interconnection structure 250
can be further 1n contact with the part of the side wall of the
metal gate 210 of the second device unit region II, which 1s
helptul to increase a contact area between the via intercon-
nection structure 250 and the metal gate 210 of the second
device unit region II. Moreover, 1n some 1implementations,
an area of the top and the side wall of the metal gate 210
exposed by the via 41 may be larger than an area of the top
of the metal gate 210 exposed by the contact hole 42 by
adjusting an etching depth of the via 41, so that the contact
area between the via interconnection structure 250 and the
metal gate 210 of the second device unit region 11 1s larger
than a contact area between the contact hole plug 260 and
the metal gate 210 of the first device unit region I. The
material of the via interconnection structure 250 1s generally
a metal material, and the metal material has a work function.
By making the contact area between the via interconnection
structure and the metal gate 210 of the second device unit
region II larger, the via interconnection structure i1s enabled
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to play a role of adjusting the work tunction of the fin 22 that
1s 1 the second device unit region II and closest to the
blocking structure 220.

Therefore, the material of the via interconnection struc-
ture 250 1s a metal work function material, and the material
ol the via interconnection structure 250 1ncludes at least one
of Cu, TaN, Ta, Ti, TiN, Co, Ru, RuN, W, or Al.

In some 1implementations, a material of the contact hole
plug 260 1s the same as the material of the via interconnec-
tion structure 250.

The semiconductor structure may be formed using the
forming method 1n the foregoing implementations, or may
be formed using other forming methods. For detailed
descriptions of the semiconductor structure in some 1mple-
mentations, reference may be made to the corresponding
descriptions 1n the foregoing implementations, as details are
not described again 1n the present implementations.

Although the present disclosure 1s disclosed above, the
present disclosure 1s not limited thereto. Any person skilled
in the art can make various changes and modifications
without departing from the spirit and the scope of the present
disclosure, and therefore the protection scope of the present
disclosure should be subject to the scope defined by the
claims.

What 1s claimed 1s:

1. A forming method of a semiconductor structure, com-
prising;:

providing a base;

forming a bottom dielectric layer on the base;

forming a plurality of hard mask layers extending 1n a first

direction and sequentially arranged in a second direc-
tion different from the first direction on the bottom
dielectric layer;
etching a part of the bottom dielectric layer located
between adjacent hard mask layers in the second direc-
tion to form a blocking groove encircled by the adja-
cent hard mask layers and the bottom dielectric layer;

forming a blocking structure filled in the blocking groove;

forming, on the base, a plurality of conductive function
layers extending 1n the first direction and sequentially
arranged 1n the second direction different from the first
direction, where the bottom dielectric layer 1s located
between the conductive function layers, and the block-
ing structure 1s located 1n a conductive function layer,
the blocking structure segmenting the conductive func-
tion layer located on two sides of the blocking structure
in the first direction;

etching a part of a thickness of the bottom dielectric layer

using the hard mask layers and the blocking structure as
masks, to form an interconnection trench in the bottom
dielectric layer;

forming a top dielectric layer covering the bottom dielec-

tric layer, the conductive function layers, and the block-
ing structure;

ctching the top dielectric layer located above a junction of

the blocking structure and the conductive function layer
and a part of the blocking structure located at a side
wall of the conductive function layer, to form a via
running through the top dielectric layer and exposing a
part of a top and a part of a side wall of the conductive
function layer; and

filling the via with a via interconnection structure, the via

interconnection structure being 1n contact with the part
of the top and the part of the side wall of the conductive
function layer.

2. The forming method of a semiconductor structure
according to claim 1, wherein:
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the conductive function layer 1s a gate, and the bottom

dielectric layer 1s an interlayer dielectric layer; or

the conductive function layer 1s an interconnection line,

and the bottom dielectric layer 1s an inter metal dielec-
tric layer.

3. The forming method of a semiconductor structure
according to claim 1, wherein:

the blocking structure comprises:

an etch stop layer and a pad layer located between the
etch stop layer and the side wall of the conductive
function layer; or

an etch stop layer and a pad layer located between the
etch stop layer and the side wall of the conductive
tunction layer, and the pad layer 1s further formed on
a bottom of the etch stop layer; and

in the step of forming the via, a part of the pad layer

located at the side wall of the conductive function layer

1s etched.

4. The forming method of a semiconductor structure
according to claam 3, wherein the part of the pad layer
located at the side wall of the conductive function layer is
etched using an etching process, and an etching selection
ratio of the pad layer to the etch stop layer in the etching
process 1s at least 3:1.

5. The forming method of a semiconductor structure
according to claim 1, wherein:

the step of forming the via comprises: etching the top

dielectric layer located above the junction of the block-
ing structure and the conductive function layer, to form
an 1nitial via running through the top dielectric layer,
where a bottom of the 1nitial via exposes a part of the
conductive function layer and a part of the blocking
structure; and

ctching the blocking structure at the bottom of the initial

via to expose a part of a side wall of the conductive
function layer adjacent to the blocking structure, to
form the via.

6. The formation method of a semiconductor structure
according to claim 5, wherein at least one of a wet etching
process or a dry etching process 1s adopted to etch the
blocking structure at the bottom of the initial via.

7. The forming method of a semiconductor structure
according to claim 1, wherein:

the conductive function layer 1s a metal gate, and the

bottom dielectric layer 1s an interlayer dielectric layer;

in the step of proving a base, the base comprises a

substrate and a plurality of fins discretely located on the
substrate, where the fins extend 1n the second direction,
and the base comprises a gate partition, and a {first
device unit region and a second device unit region
located on two sides of the gate partition;

the metal gate spans the plurality of fins and covers a part

of a top and a part of a side wall of the fin;

the blocking structure 1s formed on the gate partition, and
in the first direction, there 1s a first distance between the
blocking structure and a fin that i1s closest to the
blocking structure and 1n the first device unit region,
and there 1s a second distance between the blocking
structure and a fin that 1s closest to the blocking
structure and 1n the second device unit region, wherein
the second distance 1s smaller than the first distance;

in the step of forming the via, the top dielectric layer
located above a junction of the gate partition and the
second device unit region and a part of the blocking
structure located at a side wall of the metal gate 1n the
second device unit region are etched to form a via
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exposing a part of a top and a part of a side wall of the
metal gate 1n the second device unit region;
in the step of forming the via, the forming method of a
semiconductor structure further comprises: etching the
top dielectric layer that 1s located 1n the first device unit
region and close to the blocking structure, to form a
contact hole, wherein the contact hole 1s encircled by a
top surface of the metal gate 1in the first device unit
region and the top dielectric layer;
in the step of forming the via interconnection structure,
the via interconnection structure 1s in contact with the
part of the side wall and the part of the top surface of
the metal gate 1n the second device unit region, and the
via mterconnection structure 1s configured to adjust a
work function of the metal gate in the second device
unit region; and
in the step of forming the via interconnection structure,
the forming method of a semiconductor structure fur-
ther comprises: filling the contact hole with a contact
hole plug, where a bottom of the contact hole plug 1s in
contact with the top surface of the metal gate 1n the first
device unit region.
8. The forming method of a semiconductor structure
according to claim 1, wherein:
the conductive function layer 1s an interconnection line,
and the bottom dielectric layer 1s an inter metal dielec-
tric layer; and
the method further comprises:
forming the interconnection line 1n the mterconnection
trench; and
removing the hard mask layer and the blocking struc-
ture that 1s higher than the bottom dielectric layer.
9. The forming method of a semiconductor structure
according to claim 8, wherein:
the step of forming a blocking groove comprises:
forming a pattern layer covering the hard mask layer on
the bottom dielectric layer, where a mask opening
exposes a part of a top surface of the bottom dielec-
tric layer and a part of a side wall of the hard mask
layer between adjacent hard mask layers in the
second direction being formed 1n the pattern layer;
and
ctching the part of the thickness of the bottom dielectric
layer that 1s exposed by the mask opening using the
pattern layer as a mask to form the blocking groove;
the step of forming a blocking structure comprises:
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forming a blocking film filling the blocking groove, the
blocking film being further formed on a side wall of
the mask opening and a top of the pattern layer; and

removing the blocking film and the pattern layer that
are higher than the hard mask layer, where a remain-
ing blocking film located in the blocking groove 1s
used as the blocking structure; and

after forming the blocking structure and before forming

the interconnection trench, the forming method of a
semiconductor structure further comprises: removing,
the pattern layer, and exposing the bottom dielectric
layer located between the hard mask layers.

10. The forming method of a semiconductor structure
according to claim 9, wherein:

the blocking structure comprises an etch stop layer and a

pad laver located between the etch stop layer and the
side wall of the conductive function layer; and

the step of forming a blocking structure comprises:

forming a pad film on a bottom and a side wall of the
blocking groove, the side wall of the mask opening,
and a top surface of the pattern layer;

forming an etch stop film located on the pad film and
filled 1n the blocking groove, the etch stop film and
the pad film configured to constitute the blocking
film; and

removing the etch stop film, the pad film, and the
pattern layer that are higher than the hard mask layer,
where a remaining etch stop film located in the
blocking groove 1s used as the etch stop layer, and
the remaining pad film located in the blocking
groove being used as the pad layer.

11. The forming method of a semiconductor structure
according to claim 10, wherein the step of forming a
blocking structure further comprises: after forming the pad
f1lm and before forming the etch stop film, removing the pad
film located on the bottom of the blocking groove and the
top surface of the pattern layer.

12. The forming method of a semiconductor structure
according to claim 11, wherein:

a process of forming the pad film comprises an atomic

layer deposition process; and

a process of forming the etch stop film comprises one or

two of the atomic layer deposition process and a spin
coating process.
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